Rates and patterns of revegetation werestudied during and after several inches of soil were removed on a hillside. At Site 2 large construction of the 500 kV Navajo Project Southern Transmission trees, cacti, and shrubs were removed, but removal of small shrubs Line at two sites in the Arizona Sonoran Desert from 1972 through such as bur-sage (Ambrosia deltoidea (Torr.)) and prickly pear 1977. Herbs were reduced temporarily during the construction cactus (Opuntia probably phaeacantha Engelm.) was not phase of the study. Perennial herbs did not return in the 5-year complete.
noncontinuous data source suited primarily to comparing data from under the line to data from control areas.
Vegetation-At both sites, two subplots measuring 15.2 m by 45.7 m were staked and flagged so they formed a large rectangle 15.2 m by 91.4 m situated lengthwise underneath the powerline. Control subplots of the same size were staked out in similar vegetation directly parallel and 45.7 m to the east of all disturbed plots. At Site 2 an additional plot was added to increase the sample size for tree and shrub data. After construction, the access road at Site 2 was not effectively closed and received continued use. Because of this use, in 1973 two of the three disturbed tree and shrub subplots and one of the two disturbed herb subplots were relocated immediately adjacent to the access road, yet still within the survey strip. At Site 1 small portions of undisturbed habitat and survey strip edge were included in the disturbed plot because the width of the survey strip varied.
At Site 1, in spring 1973, the corridor was cleared during construction as much as 35 m west of the original survey stakes and the original study plots. We moved the disturbed plot so that it encompassed the access road and corridor. Because of this, our 1972 data are not directly comparable to the other data. For the remainder of the study, the disturbed plot was on a small hillside with slight vegetation differences from the control plot. Censuses were begun in summer 1972 and ended in spring 1977. Herbs were censused in January or in the spring when they were judged to be at their peak growth. Trees and shrubs were censused in the summer and in the spring of 1976 and 1977 to check for seasonal variation.
Census and analysis techniques have been described (Hessing 1978 , Hessing et al. 1981a ). We reiterate a few of the important points. In each of two subplots, eleven 7.6-m fixed-location line transects were used to measure herb cover. All large, woody plants in the total plot area were measured individually. Occasionally, small woody plants were measured with herbs to increase ease and accuracy of censuses.
We used relative cover to obtain a similarity index, Ch (Morisita 1959) , and,a diversity index, E(H') (Poole 1974) . Standard reference texts were used for plant names and identification (Kearney and Peebles 1960, Benson 1969) .
Cover from parallel plots was compared using a series of oneway analyses of variance on data from each census period and two-way analyses of variance on different combinations of yearly data. E(H'), a corrected form of the Shannon-Wiener index of diversity, was subjected to t-tests as described in Poole (1974) . We include data on species richness as an alternative to this index.
Results and Discussion
Weather-At Site 1 no consistent differences in temperature or relative humidity were recorded between the disturbed and control plots.
At Site 2 we measured similar amounts of rain on the disturbed plot and on the control plot. Hygrothermograph data showed a seasonal component. Disturbed plot temperature (mean, mean low, and mean high) was lower than on the control plot in the spring, similar in the summer, and higher in the fall and winter. Disturbed plot relative humidity (mean, mean low, and mean high) was similar to the control plot in the spring, and tended to be more extreme in the summer and fall (high was higher, low was lower), and lower in the winter, although these differences were not always statistically significant. Patten (1978) reports that air temperature and soil moisture in the Sonoran Desert were moderated by shrub or tree canopies, which seems a reasonable explanation for the differences measured.
Results were so variable both within and between other areas underneath the powerline (Hessing 1978 ) that we concluded that differences were not due to the constant physical presence of the powerline or the electrostatic forces it generated.
Soil-These loam to sandy clay loam and sandy loam soils exhibited considerable variation in constituents. Some trends or differences between disturbed and undisturbed soils are evident but none are statistically defendable. The occasional variations in JOURNAL OF RANGE MANAGEMENT 35(2), March 1982 soil salts that we found can be attributed to sampling variation and natural conditions in the environment. This was surprising because at Site 1 top soil had been removed when the access road was cut into the hillside. Site 1. Trees and Shrubs- Control plot cover has increased steadily since 1973 whereas disturbed plot cover has not increased and the one-way analysis of variance (Table 1 ) shows significant differences between plots only in the last three censuses. In 1975 there was 16.3% more cover on the control plot, yet statistical significance could not be demonstrated due to high sample variability. Control plot samples in 1975 ranged from 14.3% cover to 159.3% cover, and disturbed plot samples ranged from 3.8% cover to 61.6% cover. In a two-way analysis of variance cover on the control plot did exceed the cover of the disturbed plot.
Cover values of 159.3% occurred where large trees and shrubs so enhanced microclimatic conditions that smaller shrubs and herbs proliferated in their shade. These conditions also seem to befavorable for large cacti such as Cereus and Echinocactus. There appears to be competition for shade and protection.
The largest differences between the amount of cover on the two plots was expected immediately following disturbance with subsequent, gradual lessening of differences. Just the opposite pattern occurred (Table I) . Differences were smallest immediately after disturbance and have steadily increased since that time. The reason for this is not entirely clear, although two factors are known to influence this condition. First, the edge effect would have been greatest immediately following disturbance when the access road was still hard-packed and would have decreased steadily. Second, the control plot, having more cover to begin with, is greatly enhanced by favorable climatic regimes. We hypothesize that in 1973 and 1974 cover should have decreased on both plots, but the decrease should be masked on the disturbed plot where the edge effect would increase cover. In later years, the control plot should have responded to favorable climatic conditions to a far greater extent than the disturbed plot which would no longer be augmented by the edge effect.
Community similarity (Table I ) was high and fluctuated little. The high values of CI. were a result of one species, bur-sage, being found in high proportions on both plots.
As rainfall increased, more rare plants became active and were recorded in the census. Increased rainfall augmented growth of bur-sage and other dominants. This is why the number of species (Table I) frequently increased as cover increased while the diversity index E( H') ( Table I) , which incorporates the evenness of species distribution, frequently declined as cover increased.
Differences in E(H') were significant in all years except 1973. The reason that the disturbed plot was more diverse was partially due to its position on a hillside. However, in two other semiarid communities (Hessing et al. 1981a,b) we found that disturbance raised diversity by interfering with the dominant species.
Beginning in 1973, any species which had not been recorded in a previous census on that plot was classified as an invader species. The control plot was the more likely place to observe invader species. It recruited 2.25 new species per year whereas the disturbed plot added 1.50 new species per year. Relatively little invasion or reestablishment was observed on the survey strip. The high values of CA (Table 1) indicate that, if invasion has taken place, it is by species already common on the control plot and road edges. Heightened diversity on the disturbed plot is due to the location of the plot on a hillside and to a lack of dominance by bur-sage. The fluctuations in cover and diversity are due to changes in the dominant vegetation which was already established; they do not represent succession. Vasek et al. (1975) stressed the extreme perenniality of Mojave Desert shrubs. They suggest that perenniality may be inversely correlated with replacement rate. Their evidence supports the view that colonization involves a sere of short-lived shrubs. Wells (1961) and Vasek et al., (1975) recognized a guild of colonizing shrubs usually occurring in slightly disturbed areas such as dry washes. The only shrub observed to have become established on the maximally disturbed access road was bur-sage, even though a dry wash was close. This shrub is rhizomatous (Harper 1977 ) and some of the new shrubs may be the product of asexual propagation. Reestablishment from seeds is more the exception than the rule for desert shrubs; germination occurs after the first spring rains (Shreve 1917) and it is unlikely that large-scale success ever results (Barbour 1968 ).
composed of a larger proportion of perennials than the disturbed plot. Neither plot was consistently more amenable to invader species. Disturbance has not increased the amount of herb cover (Table  I) , but it has increased the diversity slightly and caused differences from the control plot flora. Although perennial herbs are not common at this arid site, the control plot herb community harbors more perennials than the disturbed plot.
Herb cover is gradually increasing on the disturbed plot (Table  1) . Because the original seed bank was probably disturbed during construction, it is expected that herb growth will increase as seeds continue to colonize the roadway.
Site I, Herbs-The herb community of the two plots was not similar and was subject to extreme variation in species similarity from year to year. CL (Table I) declined from CA = .748 in spring 1976, to CA = .052 in spring 1977. Generally, the disturbed plot diversity was greater than that of the control plot. The exception was 1975 when both E( H') and the number of species was greater on the control plot (Table 1) .
A category which included all perennial herbs is presented in Table 1 . It is clear that the control plot herb community was Site 2, Trees and Shrubs-In 1972 and 1973 , before and during construction, respectively, there was little difference in cover between plots (Table 2) . After 1973 there was more cover on the control plot, although the difference was not significant in the spring of 1976. A two-way analysis of variance showed that yearly conditions did not interact with the proportion of cover found on either plot and that in any grouping of years the control plot had greater cover than the disturbed plot.
The two plots remained highly similar in species composition throughout the study (Table 2) . If construction caused any immediate change, it was to increase similarity with a slight trend toward Table 2 . Summary date for the plant community at Site 2. D = distorbcd; C = control. Standard error in parenthew% Attribute and treatment 1972 Attribute and treatment 1973 Attribute and treatment 1974 Attribute and treatment 1975 decreasing similarity in later years. The diversity index E(H') ( Table 2) shows both plots retaining the same diversity throughout the seven censuses. Before disturbance, the disturbed plot harbored ten species, three less than the control plot at that time. Since disturbance, only four species have been recorded, whereas the control plot averaged 13 species in the last four censuses. neric, Opuntia jiilgidu). The best explanation for the decline in similarity is a gradual loss of the rare species on thedisturbed plot. During disturbance (but after the corridor had been cleared) there were four prickly pear cacti which have subsequently died. CA is lower still in spring censuses when it is possible to differentiate two species of cholla (probably 0. fulgida and 0. ucanthocarpa) on the disturbed plot. 0. filgida was not found on the control plot. The data provide no evidence for colonization or successional change of woody plants. The amount of cover and number of species were reduced by construction and they have not recovered. Bur-sage dominates both plots so that species similarity remained high before and after disturbance. Yeaton et al. (1977) give good evidence that, despite generous spacing between woody plants in the upland association, competition exists intra-and inter-specifically and restricts plant size. Although they suggest simple root competition as the cause for reduced size, both creosote-bush and bur-sage hae been shown to give off allelochemic substances (Adams et al. 1970, Muller and Muller l956) , although the use of these in competitive interaction has not been verified. The data were plotted to see if there was a porportional increase in bur-sage as it responded to the reduction in competitors caused by the disturbance. No such response was seen although it would have explained the gradually decreasing trend in similarity indices. Neither did buckhorn cholla (probably Opuntia acunthocurpa Engelm Jr Bigel.) show a pattern of response to disturbance. Yeaton et al. (1977) feel there is a little competition between these species (although they studied a congeSite 2, Herbs-The access road was in use during our first census in spring 1973, and these data indicate the effect of disturbance. At that time, the control plot had significantly more herb cover than the disturbed plot (Table 2) . One year later, in 1974, herb cover was significantly greater on the disturbed plot (Table 2) . It was significantly greater again in 1977, although confidence in making this decision is low @ = .04).
Herbs germinate in November, grow throughout the winter and their peak growth is in the spring. In spring 1976 and 1977, special attempts were made to census herb growth at the period of peak growth. At each census, vegetation was just starting to die due to lack of moisture, but shortly after the first two censuses additional rain fell, stimulating growth. When spring 1976 and 1977 censuses were pooled in the two-way analysis of variance, the disturbed plot had significantly more cover. Even the continued vehicular use of one subplot of the disturbed plot had not lessened its herb cover.
A significant interaction effect in the two-way analysis of variance supports the impression given by Table 2 that the disturbed plot exceeds the control plot when herb growth is maximal, such as the spring of 1976 and 1977.
Similarity was greatly lowered in 1973 during construction when CA dropped to .426. Species composition did not differ, but the absolute cover of existing species did. Since the Ch has remained extremely high (Table 2) indicating that similar species exist on the two plots.
Little difference in diversity exists between plots (Table 2) . Although significant differences in E(H') do exist (1975, 1976, 1977) the plot with the highest diversity changes from census to census. Cover increases as a function of increasing the number of species (Table 2) . Patten (1978) has shown that ephemerals in the Sonoran Desert generally attained greatest productivity under light canopy cover (Cercidium), less productivity in tree and shrub interspaces, and the least productivity under dense canopy (Ambrosia). Hence, greater herb cover on areas cleared of Ambrosia is to be expected.
We conclude that removal of woody plants on the disturbed plot has contributed to significantly greater herb growth. Construction artificats such as depressions in the access road which collect water and seeds (Reichman and Oberstein 1977 ) also contribute to herb growth. In this study, vehicular use of the access road, most of which occurred after spring growth, did not greatly inhibit herb growth.
Conclusions
There was no evidence of succession or more than a trace of revegetation by woody plants at Site I. Yearly and seasonal conditions created a complex quantitative response of shrubs. Herb cover was reduced on the disturbed area, but only temporarily. Apparently, the removal of the shrubs and herbs allowed the establishment of annual herbs which were not always similar to herbs on the control plot. The control plot had several perennial herb species; the disturbed plot had none.
Woody plants at Site 2 did not reestablish themselves. Death of cacti and other shrubs often did not occur until several years after disturbance and caused a gradual decline in similarity. Disturbance at Site 2 increased the numbers of herbs there. Annual herbs (the only ones present) invaded immediately after disturbance and created a community highly similar to the control community.
At both sites, the disturbed plot herb community probably represented a seral stage.
What little shrub reestablishment we observed seemed to be the result of asexual reproduction. Consequently, we anticipate a different pattern of revegetation in areas where the original vegetation was destroyed (Site I) than in areas where at least part of it was left intact (e.g., Site 2).
